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Preface 



>Thls bulletin is intended to assist uses of fumigant pesticides, prepared 
for certification under the Michigan Pesticjde- Control Act of 19T6. O^e 
manual was prepared by: Mr. R. L. Moore, AnimaV'and Plant Health Inspection 
Service, United Steves ' Department of ' AgriculturA; Mr. R. L. Mesecher, 
Plant IndustryDivislon, Michigan Department of Agriculture; and Dr. G. Bird, 
'^Department of Elftomology,- Michigan ^State University. 

A list of self-help questions and instructions for con\pleting the 
questions^ axe 'at the end of each section. If you encounter difficulties in 
using the'mlhual, please consult your county agricultural extension agent 
or^representative of ^the Michigan Department of AgridVilture for ^kssistance. 

. ' ^ n/ - 

Some suggestxons on studying the manual aire: ' ^ 

1. Find a place and time for study where you will not be disturbed. ^ 

2. Reread the entire manual through oncg to understand the scope and form of 
•presentation of the material., / 

3. Then study one sectioljl of the manual at a time. Yk)u may want to' widerline 
important points in the mSnual or take written not^s as you ^t?udy the 

ii ^ction. • V ^ . 

4. AnswerJ in witing, the^self-help questions at "the end of each section.'. / 
Instructions on how to use the,self-help questions in your study are ' 
included with the questions. These c^uestidns are intended to aid in your 
stuc|y and 'to help yoo^^aluate your knowledge of the subject. As such, 
they are an importan^ paJ^t of your, study. . - 

5. Reread the entire manual once again when you have finished studying all 
of its sections. Review with care ahy sections that you feel you do not' 
fully understand. ^ 

This manual is intended to help you use^ pesticides effectively and 
safely, when they are needed.' We hope that you will review it occasionally 
to keep the material fresh in your mind^^ * • 
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I, A- • . : 

• • • • ' INTRODUCTION _ ,1 



. ^ Fumigation is the distrl^buting of a chemical pesticide as - a gas thro^j^h 
spaces "and materials. BecausC gas molecules exist separately and^ independent ly, 
they spread widely into smal?^cracks and crevices and penetrate into tightly 

- packed materials; -The term "space fumigation" designates generally a wide 
range of treatments in enclosed spaces which either .contain infested materials 
or themselves have residual insect populations. This spreading of individual 
molecules differentiates fumigants f rom * aerosols such as smokes, fogs or mists. 

y^^The aerosols are discharged as very fine par.ticles viiiich remain suspended in 
the air long enough to be distributed. Aerosols are unable to penetrate even 
small distances into materials. For aerosols to be effective, tl^e pest must 
be exposed or easily reached.. 

■ " ■ \ . ^ ^ " ■■ ■ ■ \ ■ 

All ftimigations should ^be under the supervision\pf an individual who knows 



the nature of the chemical being used and its hazards. All effective fiimigants^ 
are potentially dangerous to plant/ animal, and human life and should be handled 
with due care and judgmen^j * . 

Fumigants offer thq^^^llowing advantage^ over oth^r pesticides: 

1. Most fumigants coirponly used are tf^ic to all animal pdsts, insects, 
' spiders, mites anfe rodents r ^ ' 

2. The use of f^&ntgants is usually 'the quifcke^^^ethod of controlling pests. 

3. Fumig'ants will usually reach pests wher« sprays, powders or dusts cannot 

. ' . ' • . • ■ " '■ ■ ■■ /) ■ 

be applied. ^ 

■ ■ • . ■ . ■ r • j ' : > . 

4. Some fumigants can be used to kill pests in or neair food, leaving no harm- 
ful residues, whereas _other pesticides may contaminate or taint food.* 

• ■ « * ■ 

5. In specific situations, fumigants may be less e:>qDerisive than repeated 
treatments by ;^prays- or dusts. \ i . ' 

Some disadjfantag^s of • fumigants are: i^" ' : 

l\ Most fimiigants are very toxic to maif , . ^ 

2. Fumigants leave 'no residual pTOt control after aeration. ^ 



3. Jjlore specialized prot6c€ive equipment, such as gas masks, gas leak ^ * 
detectors, 'etc. areVtequireS. ' 

4. The application of" f l^migants \^equires more technical skill, 

' , . • . / , .-^^ . ^ . . ; • 

5. The labor invol^^d 4hay make the cost high. * ^ 

6. More application and opej^ational equipment ^nay be needed. 

.7. The use of fumigants may cause inconvenience to people who: live or work 
in the^ building. * , ' 



8/^ore th^ one. technician must always be present in any fumigation* 
operation. . 



9. Some fumigants ar^ expensive, corrosive, or fnay leave residues- 
10. Special ^permits or licenses are required in many areas. \ 



NATURE AND ' effects OF FUMIGANTS . , • A 



How Fumigants Kill Pests - 



It has been very difficult to determine exactly how fumiga'hts affect 
insects. Scientists have, explored the question for many years but are n^bt . " 
in compl^t^ agreement as to just how different fumigants cause death. In ' * 
general, fumigants reach the tissues of insects through the respiratory ^stem. * 
The'^ighest percentage, of kill is caused by the entrance of the • f umigant into 
the cells. In^st insects, oxygen is taken into the b64y through the spiracles. 
Once inside t^p body, ^ygen and the accompanying f umigant. ar^ diffused' through 
the thin cell walls. Inspiratory movement of the ini^t's abdomen^'and thorax 
acts to assist diffusion. The matter of diffusion has^ a practical bearing upoh^ 
commodity fumigation. Insects are most active during periods..of optimiun . 
teinf>^atures as they breathe nonnal^ and/ therefore, absprb more :|umigant than " 
th6y -do during cold, • inactive, period^ This plus tl>e fact' that at the lower 
temperatures gas is less active is one of the re^sorffe that higher dosages of 
fumigants^ must be used as temperature de(?rease^o compensate for inaction of 
|the insect. A certain amount of gas ^ will ■ enter the .cells of ina-^i^e insects, 
butj high concentrations are required to diffiMse into the^ cells and Mill the pestsi. 



^ Some fumigants appear to kill insects by preventing the assimilation of , 
oxygen in the cells. Others may, kill by mechanically preventing' oxy^^ 
reaching the 'insect. Methyl bromide and ethylene oibromide appear to :.kill by" - 
affecting the enzymes- in some' way 'which prevents, tissues froin ''uniting 'with . / 

oxygen, \ c . , ' '* ' - - • 

•• .■ . . • _s , . . ' • - ' 

When fumigating, lethal fumes are released within a|(i .enclosure, '/The 

person applying the; fumigation treatment cannot see anci, in some cases, cannot 
; smell the fumes. . The pests w^h he se^kjs 'to .Jeill^-may ha "hidden away^iti the 
< heart of a grapefruit or a bale of hay, bat the invisible fumes must be*- capable' 

of killirig them regaa^dless of the stage- of- developmen^'^orwhere ^'t^ are located. 

Therefore, f\amigation\opeiratqrs need to know the potdL'tial of $iimiga]^t^ ap'dT'how 

to apply l^em properly. ^ * 

The most important environmental Jfactor^ influencing • the action of fumigants 
on insects is temperature.. In the rcuige ,of normal fumigating tempejratur^.s \. 
from 10°C. ta 35°C. (50?F to 95°F)v thq concent^tion of jthe fumigant ^re^ired " 
to kil^l- a given gtage^of an insect- species decreases with the rise in' tejnp^xk^fcure 
From the purely biological standpoi/it this is mainly^liue to, the increas,ed rate" 
of metabolism of the insect ' s response to th6 rise in^ temperatuife, ^Also, physica 
- absorption the fxamigant by the^-jj^ter^al containing the in^ects^ is reduced and- 
proportionately more^ fumigant is available to^attack the inj^ects. ' ^ 

■ . ■ 1 ' ' ' ' ■ ' : / ' ■ ■ . r : 

Nature of Fumigants — Gen^r^l , . / ' . ^ ^ v 

« Fumigknts are used »in varioiis forms and dosages according to ^th^^atiire of 
the commodities and, pests involved. Certain general iz-ations may be- made 
.pertaining to killing insect pests in' commodities . *rhe state of devjslopmen't' and 
.activity of the target j^st is important. Active adults nonhally 'ar^e- ea^r- tb.-/"^ 
kill thari inactive or hibernating adults. Immature, s'tages of insects genera^lly 
require higher dosages or longer, exposure for complete morta'lity th^n do ^ptive ^ 
adults. The amount of air sfJace compared\tp the size of theVLjad, the ' / 

porosity of the load, the kind of material, and the loca^on of the }>est./in' 4l)e /: 
load all affect the dosage and exposure period. « Finely, ground materials, such/ 



as 'alfalfa and cottonseed meal, 'have a large surface area and are morev sorotivte* 
than whole grairi or inert items <eucn as scrap iron. ' ( ^ 



At i^fowbr temperatures h'igher dosages are required .to insure that lethal 

^ M • • ' " . ' ■ ' ' 

•amounts reath the center of the load or th^interj^or portions of fruits' and 
vegetables. " ^ . , - . < • i^. ' .» 

, Tests in recent years indicate, th^t residues- resulting from methyl 

' ^ ...... ^ . . ^ 

bromide fumigation are lower wh^n^ te^eratures are low. '^^iTiis is true even * 

■ ^ -P I' .. ' ■ ^ , ^ 

thouph the concentration and. expdsure^ are greater at these temperatures. , 



The Predeath Behavior of Fumigated Insects 




Insects that have been fiimigatffed.^ith methyl bromide or ethylene dibromide 
die slowly. Death occurs much more quickly at higher, temperatures than at low 
temperatures. ' Temper-atu^e detemnin^es the molecular, rate of activity of chfemical. 
At higher temperature^ the 'fumigant disperses more rapidly, thereby getting to 
the pest more quickly 



Treated insects|may soon become .unl^le to walk or fly in a normal manner. , 

They usually come to rest on their backs cind- eventually' are unable to recover Yrom 

that position; however, they may move their head, legs, or antennae for several 

days before death finally occurs. | It sn^itldf be 'noted that some fumigants, such 

as cai^bon disulphide and cyanide, at sublethal concentrations may anesthetize 

insects^ so that J they appear to be' dead shortly 'after fximigatlon only to revive * 

and continue a normal ±iffe. It has been oB^served that decomposition sometimes ^ 

pccurs in the. abdominal seigments before the Kx^sect actuallyx^^s . Insect^ act- ' 

ivity, when observed shortly after exposure to^sl^if^^-killing fumigants, such as 

methyl^ bromide and ethylene dib^omide^ may, be disappointi^ng to inexperienced 

persons. The .effect on irfse<?fes that have been expose4 to' lethal dosages of these 

*- y ' ' ' . ■ , , 

gases is accumulative and regardless'^of how long it takes to ^ill them they 
* * i" ^ / ' ^ ■ " . \ .^-^ 

never ^e CP ver.~^ w 



MODE^ FUMIGANTS '^^ : ' 

. r There are many ^chemicjai compounds, which are volatile 'at ordinary tea[jipera- 
tures^ and sufficiently toXic to fall within the^efinitiori of fumigants. In 
, actual practice, however, .mpst gases have be^n eliminated on account of un- ^ 
favorable properties , the most important being chemical instability and destructive 
effects on materials. Damage, to materials may take place in severad. ways, • * 
as follows>^^^ — " • O 



1% ' Excessively!^ corrosive i compom^ sMpping containets or V * 

' /- , • ^ • : . 2/^ ■ \: • • • ' 

•spoil the structure and fitting© of fumigation chamjpers or of , * 

other spaces undergoing treatments* \ ' 
2. Reactive chemicals form l'rreversibl^ comptjunds which remain as * * 

■■■■ ■'■ ^ " ■ • • V ■ ' 

undesirable residues^ in products.^ In 'foodst;uffs such reactions may 
lead to taint, or ^th6 formation of prisonous residues. Other- materials 

^e rendei/ed unfit: byWisible staining or by the production of. ^ 
\ ' linpleasant -^prs . ^ 

Physiolqgicallj^ active compounds may destroy or greatly ihjure grow- ^ 

■ ^ \ . . " 

irtg--pi^ants , fruit or vegetables, . and may adversely affect the * • - 

germination of seeds. " 

Highly flammable compounds are not necessarily excluded if 'dangers of fire 

^ and explosion can controlle^-^y the addition ^her suitable compounds; or 

if fumigation procedures are carefully designed to eliminate thes^ hazcurds. 

Toxicity to human beings is hot usuafj^ a caifSe for ,excj.usipn. All known 

' fumigants are toxic to man to a greater or lesser degree, and ways can^e devised 

for^ their safej handling under the, required conditions of application/ . * , ^ 

• ■ - ■ . ' ■/ 

Table 1, which lists ^the limited number of insecticidal fiamigante in ' 

ufce today, demonstrates the severity of the^ pruning pitocess applied to gaseous 

"^ chemicals b^fg^re they are adopted for pra^^cal use a^ tf umigants . * It will be 

not^ed from thi^' table tha^ many of the fumigant^a^i^sted do, in fact, exhibit one 

or- more of the undesireJble properties discussed aLbove. This fact shows tHat the 

"ideal" fiamig^t* has not as .ye€^b^^ found,^ and .it isl quite prdbably that' it 

never will be. Nev^rtheless,7 Ijj^ese fu^^ are highly useful^ in thfeir'-ow^ 

particular spheres of application/ / v 

Liquid Drain Fymiigants a , . f 

>^ ^iquid^'grain fumi*gants Sfre^hemical" formulations used to pjc^teot' stored 

cjrain from such insect pests^. as Angoumois grain moth, .rice weevil, granary 
» weevxl, common cadelle, Indian meal moth, etc. ^ » , ^ ' 



V " The fumigant^s are, applied to the griiin as liguids, They evaporate and ' : 
;^ the heaVier-th^an-air vapors "sink, i-ntp and spread 'through 'the grain. ■ j " . 

. The Choice of, fxamigant mixture and dosage should te based on various 
J factors mvcaved in -each storage ^condition^. The type of 'insect, kiod pf:' grai^ 
• .temperature, motfS^ure content, etc, must, be considered'. Specific guidelines'^ 

for^^Vain fumigation can be obtained from The Dov!^ Chfemieal Coihpany, .Mid^^^^ 

Michigan 48640. . . * 



ERLC 



> , there^^jire^ two basic methods of applying lidaid grain "fumigap^^^r 

1. Surface application with natural; or gravity, . 

?^ ^orced^ distribution with ^air recirculation e ' " 

Surface application is the easiest^ and moat co^^ method, especially 

where^smail quantities of grain are j^tored,^ ;T1^^^^ sprayed ^iii^rmly' 

in coarse droplets over; the top surf ac^ the fumigant'A ^ 



.vaporizes, the vapors, are carried throu(^but the\ grain mass by ajjn^ction 
^ciirrents. Distribution is obrt^^^ laden currents / 

^ and the sorption of 'the fAjiaiigarit/on the'g ke^4ls, / . -o! 

Forced ^^istr/bii^on of li^id. -grain fumigants by air recircul^tiofi equip- 
n^ent is' a; ffelatfiyely new development . J'he^fumtgan.t is applied above the grain ^' 
surface in ±he fine^ droplets possible\/while fans are, moving air- through the 
.. grain_. Vdporiaatiorf^f the fimiigant is obtained, using the heat avail abl,e : 
from the grain. Bec^se of the -w^hanical meaks..for .movir^^ ^. 
mixture 'through the .gra\h, the f um^ant s^oiTtSSsConslst of ingredients having * V: 
the lo\fest sorption rates-. 'The^^^adVantages pf'^th^ rapid distrii^- - \ - T' 

butiori of the fumigant, low^ sorption rates bfJkrfniM^ 

"fi^igant, an^ ra^id It^emoval of fumigant- af.ter ^expc^re' peri6d ^complete. 

} As with .^l>^ fumigants, ^ safety ^^^^ should be ' carefully followed 

when applying liquid^'grairT fum^gSintsl In particular: ' " ^ 

• Read produ(^ label before using, y . ^ \ > ' .< " \* 

Have, somec^e close by at all times in case of/\an accident. ^ / ' 



« i>ump fumidants from^ontain^^ to sprayer dn well ventilated areas, * 
preferably outdoors. • . * * . 

' o' ( ^ ' ^ ' - > •" 

• Use apprJapriate »gas mask at all times. ^ 

' / ^ : ■ ■ . . .. 

Avoid skJ^n contact and inhaling vapors. ' . 

- ■, - - ... . ■ • • • 
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If fumiganf* is spilleduon shoes or- clothing^ asemoves them immediately/ ^, 
and do. not wear them again until all fumigant odor^ are gone. , ^ 
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table; 1. Charatteristics.of Some Fumigants 
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Name and Formula 

^ 


^ MolecuLar 
" Weigh/ 


Boiling Point 
{£ at 760 inin 
■ pressure) 


Solubility^ in 
Water 

(g./lOQml) j 


" Flanmability . 
(% by volume, 
in air) 


Commodities Treated and Remarlcs 

--' 




Acrylonitrile 




53.06 

r 

\ 


77.0 

1 


7.5 at 25°C ' 
r 


, 3.17 ' ; 


Tobacco and plant products; also 
for spot treatment. InjurejS growin 
plants, fresh fruity and vegetables 

Marketed with capbtin tetrachWide. 

• i . ■ 



Carbon disulphide 76.13 
■CS 

Carbon tetr\chloride 153.84 
CCL \ 



A' 



Chloropicrin 
CCL, NO 



164.39- 



Ethylene dibromide 
CH,Br,CH', B4 



187.88 



Ethylene dichloride 98.97 
CH,Ci, CH, CI 



Ethylene oxide 
CH, 0 CH 



44.05 ,^ 

S 



46.3 



77.0 



A 

112.0 



13110 



83.0 



10.7 



0.22 at 22 C 1.25-44' 



0.08 at 20 C Nonflammable 



Ii)*oluble at Nonflammable 
20 C 



\ 



0.43 at 30 C Nonflammable 



0.87 at 20 C 6-16 



r 

Very soluble 3-80 
at ih 



Grain. UsujiUy as ingredient of 
nonflammable mixtures. 
J ■ 

Only weakly insecticidal. Used 
chiefly in mixture with flammable 
compounds in grain fumigation to 
reduce fire hazard and aid ^ 
distribution. ' „ . . 

.Grains and plant products. Safe 
with seedsi injurijjus to living 
plants, fruits, and vegetables. 
Highly irritating lachrymator. 
^jactericidal and fungicidal. 

General fumigant. Particularly 
useful for certain fruits; may inju 
growing plants. - ' ^ 

Seeds and grains. Usjially mixed 
with carbon tetrachloride. ■■. 

Grains, cereals, and' certain plant 
products, -sfoxic at practical' con- 
centrations ,to many bacteria / fungi 
and viruses. Strongly phytotoxic; 
affects seed germination. 



TABLE 1. - Cbntinued 



I 
I 



Nanie^iftHorinula * Molecular 
- / ' ■ Weight 



Boiling Point Solubilify in 
(C at 760 ran Water ■ 
prE(^ure)' (g./lOOml) 



Flanmability Comnodities Treated and Remarks* 
(% by volume 



■ Ethyl formate , 74.05 
fl.COO.C, H . ' • . 

Hydrocyanic acid gas 27.03 
HCN^ ■ 



Methyl .bromide 
CH, Br 




Methyl formate 
COO CH 



60'.-03 



Propylene oxi'Se 



58.'08. 



Cff, CH, 0 CH - 



Trichloroethylene 
CHCL:CC1 



131.4 



54.0 



26.0 



3.6 



31.0 



Paradichlorobenzene 147.01 173 . 0 



k 

■ 34.0 



220.0 

V 



11.8 at 25 5 2.7-13.5 



ApplicaCten to individual packages 
of dried fruif . 



Very soluble at 
20°C 



1.1 at 25°C 



6-41 



.' General fumigant, but may be. 
phytotoxic. Safe on seeds but ijot. 
recommended for fresh fruits 'and • 
vegetables. V , 



V 



30.4 



V, 



if 



0.008 



at 25^C 



40 



Insoluble 



Nonflammable General fumigant! May be used wi:th' 
caution for nursery stock, gtowing 
plants, some fruit, and 'seeds of 
low moisture 'content. • '. 

5.9-20 Usually mi^xed with CO. . Formerly ■ 

used -for grain , now mainly for 
stored furs. / 

(Flash point.) - Control borers in peach trees and 
66 C soil insects. Applied as crystals.' 

May affect seed gemination. 

■ 

2.1-21.5. For individual'packages of dried 
fruit. Toxic 'to bacteria and 
, ' strongly phytotoxic. 

Nonf lammabel , Nohf lamiable- ingredient , of grain ' ' 
Sometimes used alone. . " ' 



r 



SELF-HELP QUESTIONS 



Now that you have studied Vhis section, • answer these questions. Write the 
^ * - \ . . ' >j 

answers ^ith a pen^cii without reVerring back to the te:xt. When you are satisified 

with your answers, see if you are\ correct by checking them in the textr Erase your 

^ answer Ifed Write in the correct anjpwer if your ' fir st^'answer is wrong, 



1. How does a fumigcint differ fron^ 



J 



an aerosol? 

r 



What is the normal range of temperatures for fumigation? 



3fc Should dosages of fiomigants be 



rjcreased^r decreased at low. temperatures? 



4. Do insects die qulckljf after exgpsure to methyl bromide? 

5, What are some ways that f uinigant^Ccin damage materials? 

Why is carbon* tetrachloride commonli^-mlxed with flammable *fximigants? 



7. j/hat ar e the tw o_Jbasi.c ^methods of applya 




0. 



ig liquid grain fximigants? 
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^ PRECAUTIONS "TO FQjLLOW WHgNJJSING FUlfcCANTS 
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Preliminary P3.anning ^ ^ ^ ^ 



A. Become fully acquainte\with site and commodity to be" fiamigated, * 
including:. 



1. General layoutyof structure ^ cbnnec ting structures, \ v"^ 
adjacent c^tructure^, and escape . route, above and below ^ground. 

^ - a. Check over equipment to insure that product flow'has 
ceased^and th^rtTeqfuipment has been ma^e as tight as 
practicable' to pre^^ afts and/or %akage from it. 
b. Check ^all sp3uts, conveyors, conduits/^ Keat^pioes^r othet^ 
possible openings ^leading from area to be fuBUgated. 

2. j Determine the number and .identification ^,^,^g^rsons who routinely 

enter the^ area to be fumigated, and the proximity of pther 
persons "an^.^ animals. - ' ' 

3. The specific commodity and its mode>of storage and condition. 

4. The previous 'treatment history of the comm^ty, if available. 

5. Accessibility of utility service connections. 



6. Nearest telephone or other communication facility. ./ ' 

T. Emergency shut-off stations for electricity, water, gas, etc.^ 

8. Ascertain and post cuirrent emergency telephone, numbers, i.e., 
fire, police, hospital, physician. « 

Select a fumlgant or combination of fumigants, registered by EPA' 
for the wo rk^ involved. . 

^ - . ^ ' ' — ' ] 

1. Make sure tl^ chemical or chemicals selected will not resu\H: in * 
residues that may be illegal under Sections 408 and 409 of the 
Federal Food, Drug and Cosmetic Act< 

2. Check, mark and prepare the points'* of application. '* 



IS 



St^^^ directions; .warnings/ 'cntidotes/ ^tc, on the\ label .and 
on the manufacturer ' s* ins truqtion manual. 

Notify local fire and police authorities and other security pej'sonliel 
--as to location, the chemicals tib!>:be" ufeed, proposed date and' the time « 

of use, type of gas Aiask and canister required, and fire ha'zard rating 

• .' '. 

Make certain that local medical organizations are informed of your 

• ■ ' . ^ ' ' • ' ■ 

fumigation practices .and the specific materials in use. * ' ' 

' ■ ' ' w-^;"' I " ' \ , : , ' 

Provide authorities ^^rith pertinent safety literature on' the materials 
to be employed, * 

.>■' ' • . " ■ " . • ..^'K. ' ■ ■-• ' 

Arrange for standby equipment,^ replacement parts* and alternate plan 

of action. '■ . / ' > 

! . Q _ ■ . 

Inform^ all employees* of 'the^operational schedule, potential hazards ' 
to life and property, and the required safety measures and emergency 
procedures. . 

Prepare warnings sigps for posting treated areas, provide for security 
of buildings, and arrange for watchmen' when required. 



Have available first aid equipment emd antidot;es where applicable. 

Plan for application from outside the* structure whenever "-possible. 

, Plan for ventilating the treated space and commodities when the^ 

» . a ^ •- . . ■ * » . . 

requii:ed exposure is terminated. Do this before treatment is started. 



Areas used for storag^ ^f fumiganlr chemicals should be properly^ 
identified and proj^Lde the conditionst required by the ihanuf actmrers • - 
directions. . . * • 

Make sure that there are no open fires, motors, ^ etc. , that could spark, 
ot hot surfaces, such -as heat/pipes and electric fixtures, within the 
space to be fumigated. ' ' ^ ^ ' 

Provide fans for distributitftPdf the fumigant where applicable. - 

J ^ . ' , :•• 

Provide gas sampling cind/or detection . devices. ^ 

■ . ■ , ■ - " . ■ ■ ■ 

Make a final check to clear all personnel ani^animals from the space, to 
be exposed to the ^fumigant. ( ' ' 

if • _ , 
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•■ • . •„ ■ . ■ ; - • ' ' .: ■ ■ 

■ . ■ >r '. ■ . ' 

Personnel ' • 
' A. Assign at least two persons to. each* fiimigation. > 

B. In cirCTittstairbes where ^ntry into a fiamigated area is ei^'sential, 
^use a buddy system of two persons (not three)'. ' 

C. Empipyees actively taking |)art in a fiamigation should be in^ good 
* physical condition,, and: , - * /V, 

ly Should; havfe' physip^l examinations at least annually cind more 



often -as conditions^require, cuid ^ployee health records 

should be maintained currents ^ 

. ^ ' " ' * '* ■ ■ * ^ ' ' 

Should abstain* from alcoholic beverages for 24 hours prior to and^ 

24 hours after a fumiga<(ion job. . ' 

2n\ Employees having colds or other conditions which impair breathing 
shoilld not participate. ' 



4. -Employees undergoing medical or dental treatment should not 
^ 1 participate unlefss specifically authorized to do so by a physician. 

D. All operating personnel should be instructed in first aid and other \ 
emfergency procedures, including personal decontamination. 

■ > . ' c*- ' ■ 

E. The use of specific cintidotes or ^irst aid should be understood 

1 . ■ ; ' ■ ' 

. by operating personnel. . . ■ ^ - . 

•. " , ^ • . . ' -o/ •/■ •■".' • , 

F. All accidents should be repBrted immediately to employer or supervisor. 

J Personnel handling fumigants should be gautiohed to report all 

indications of illness or physicalyliscomfort regardless of^their 
. apparent minor nature. These it^y/include but not be restricted to 
any pr all of the following: dizziness, diarrhea, nausea, headaches, 
and lack o^>cbordination. 
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G. Instruct alll. operating personnel in the hazards that may be encountered 
in the misuse of the ch^i^als selected and in the selection, bper, 
cUid 'maintenaji.Qe of all protectiv^^?i^Wi^ces' or procedures requires. 
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Protjsptive Equipment ^ - ^ ^ ^ . ' 

■ - ' ^ ' . ' \ ' :^ K . ^ . " ■ ^ .. '. ■ ■ 

The equipment recommended in th^ section' is to l^e employed to prevent. 

V . . w P • ' ^ . 

loss or in;]ury to life. The,' recommendations of^the fumigarit manufacfurer 

concerning specific protective equipm'fent and clot^iing should be rigorously 

obs^erved. The . limitations on operat:^n condition^ ^nd performance ofi protective 

devices should jDe understood and observed. * --. 

■ . . >c ■ * 

A. \ When poaTBiblp^ arrange for two-way 3:adio communication - ■ ^ 

* . \ ^ * ' I ■ ■c' . . ■ ■ ' 

•among employees Sj^plying fumigants or, in emergencies, entering 

■■•■.•■•'.<'/■ ^ \ • • 

treated areas. *' . . 



B. ' All protective equipment should be stored so as to insure maximum 

life of^^he device and be readily accessible to employees at all times. 

Self- conCaifeed oxygen supply breathing apparatus Is preferable in 
certain situations* ' It does not prevent sorption through the ^xin. 



D. Canist:er-type gas^ masks should be provided with a supersize canister 

and with a canister mounted as appropriate to the gas mask. 

■\ ' ■ 

E. Canister-type gas masks: ^ . , . . 

> 1. Are ineffective whep breathable' oxygen Jrs too low. 
2. Do^not prevent sorption through the skin. 
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3. Will\ not remove toxic gases if the concentration is above^ 

\ the level stated on the canister. " ^ 

-• ■ ' ■ ■ ■ ' ■ 

. 4. Require different types bf canisters for di/ferent toxic gases, 

5. Operating' conditions listed ^f or a canistep. apply^to fresh canisters 
only. ^ 



6. Used .canisters should be mutilated to prevent reused 

7. ^^anisters should be^^used one time onl^. . ■ " ' 
F. i^rsonnel using canister-type gas ma^ks: 

' 1. Must receive instruction in *the proper care and u^e of gasmasks. 
2: should Wderstajid the limitations of a gas mask. , /"^ 
Must always check: \ . - . ' > 
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a. - Proper type of canister — read, the label. 

b. For airtight face pieces. ■ . '-^ ' 

• * ' ■ 1 ; ■ . , ; 

vC, For airticr:(it hoses -and c6hnect ions, 
d, - Individual need for special glasses/ 
e* That the canister is unused, *. v 









Ci." . 











.fhe^ 

4. Practice us^ng an als^ual g^s^m^sk and become^^cquainted*'with t 



feel of ^ such .a^device . 



G. 



•Self-Contained Rg^c 
The wearer carries his own breathiiig air with the -SCBA, . Its^tlse 



reathing Apparatus^ (SCBA) 




is required in atmospheres immediately dangerous ^o life or health, 
i ^ot the rescue of personnel, or escape, The SQBA should be properly 
fitted and used according to instructions. These instructions are ^( 
affixed to the container for, the SCBA, j^It is recommended that each ^ 
poter^iall usep practiceawith the unit before actual use. When 
fJroperly^sed, the ppsit^ve pressure demand system will prevent ^ f 
' hanrtful gases from entering and provide' breathing air in low oxygen 
areas, . . V 



H. 'Air Supplied Respirc|ipt>^ 




There xk one basic difference between the SCBA and thc^ Air Supplied 
Respirator. The SCBA is self-^ntained, whereas the Air Supplied 
Respirator depends on a remote, source of air. It is connected, to this 
remote source by a hose. The Air Supplied Respirator has -the advantage 
of a contirfcous supply of air, however, freedom of movement is somewhat 
restricted duS^\o the connecting hose. Care shpuld b^ tciken to avoid 
cutting or damag^ihg the hose,^ 

\. 

* ' *■ 

-Persormel required to enter fumi^fatedf tanks and similar enclosures 

" > L ' ■ ■ . ■ " 

should, wear :A rescue belt. They , should be under constant observation 

: :' . ■- ^ .. ' , . ' \ • ' ■ - 

from outside, " 



O 



Ap^l'ic< 



dlcatlon ^ ' ' . r ^ 

^- . * . . . . ^ , • ■ ^ f 

^ A% . All* applications'^ should be made, iii accordance with the fximigant ' ^ . 

mcuiufadturer 's recommendatiops . / " 

B. Ardas to iJe- treated should be posted iinmediately priort-to application^ 

C. Apply fuitiigant frojn outsii^ where possible. v^. 

Personnel applying fumig^ants should not enter into areas where 
'fumigant gas ot vapor is b^ng discharged except in extreme^emergencies. 

E. ' Take into cons ideratibiajprevailiog' wind .cindothW weather factors. 

F. Post ^warning signs. 



G. Provide watchmen where required or necessary. 




Postappli cation Operations > 



A. Provide watchmen wh^a^ required or necessary., j^^^ 



*©. Ventilate^ and aerate' in acpordance with structural limitations. 
,Turn on all ventilating or* aerating fems where appropriate. 



D. Before re-entry, use a^uitable gas detector to determine fiimigan^ 
copcentration, so that appropriate^ precaution may be taken.. Nev^er 
' rely on fumigant warning odor during re-entry or aeration. Wear a 
gas mask until the area is determined free of^gas. 



E./ Check for gas. concentrations in areas .which aerate slowly. 



Remove warning signs when aeration. is complete. 



G. Dispose of empty containers. 




H. Return unused chemica^^e^n properly and clearly labeled x:pntainers to 
storage area. ,s . ' 



V 



\ 
\ 
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USE OF SAFE^y DEVICES 



V 



How to Usq a Halide Gas Detector^ 

■ - ■ ■• ' ' /■ ' - ^ ^ 

* While the halide gas detector has b^en used £S>r mar^years, its importance 
is enhanced by the development of treatments employing enclosxures other than 
the ' conventional "^fumigation chamber. It is an operational .as well Ss^ safety 

device, since the Elimination of fumigant leaks increases the effiaacy of 

k - ' ■ ■ ■ 

operation and reducjes harmful concentrations outside thte a«a under lireatment. : 

_ - ' . , jt ■ ' ■ / * 

As a precautionai:y measur'e, it should be u;^ed ijegularly in rooms in which , 
, chambers are located, partibularly^when the building also houses offices' or other 
occupied work areas • - " " / . ^ 



If 



Principles of operation : "^he halide gas detector is u'sed to indicate the 
resence cind approximate conoentration of methyl bromide in -the air. This is , 



[accomplished by passing th^air to be tested over a red hot copper plate or 



cone through -or over, w! 



flame is passing. The intensity of» colors impacted td 



the flame indicates the presence and concentration of methyl bromide in the air.. 

^ * r . 

The leak detector also, reacts similarly with many other halide gases, including^ 

. 1 . ■ \ . ^ 

freon, Ccurbon tetrachloride, and ethylene dibromide. The fallowing are the 

approximate methyl ^bromide conc^htrations associated with the dolor intensity of 

• ■ ■ ' ■ ' ' / ■ ' . . .. ^ . 

the flame: 



PPM. 








' ■ \ Lbs/1000 cu. ft. . 


Flaii^^ Color 




' No color 


y • 0.00^5 


Faint fringe of green 


0.0125 


Moderate green ^ ^ , 


0.031 


Green . 


0.0625 - 


^tfong gredn 


^ 0.125' 


Strong grefen^blue' fringe 


0.20, / 

1 


Stronig blue-green 


0..25 


Blue 



This table of flame colors for various ppm's of methyl bromide applies 
only when the deteStoS? is operated at its most sensitive rate; that is, when 
the -£lpame Is reduced i:o tlje ^lowest rate^suff fci^n^ to^keep the reactor plate or 
cone red hbt.- Also, in using the (i^tector at night , the ; fp.ame has »a bluish cast 
which has to be taken^ into consideration.. * / ' . 



Deseription :' Basically, all TMlide detectors are. quite similarly con- - 
W sl/fuctea^ differing only^^in detail by tlie yariouB manufacturers.- 'E5ch'^c6jis±sts'^ 
/of a fuel tTknk, a valve assembly to* regulate fuel ""f low, ^'"^urner head asse!rfciy 
wrjere the -fuelj. and a^r mix and unit, ^nd the reaction ylace or cpne-«^em!bly 
where the^-^sib^e_ flame reacts An color to'^th^ ^fealogen fumigantsV The air miicture * 
to jDe t^ested is fed to the burner head a!ssembly J^y 'an attached search hose. « 



* The halide detector is rel^^ijrely trouble* free. The burner head orififce is ^ 
extremely sma],l and must be kept free of .clogging with dust, or other- debris. The 
. reaction plate or cpne, wiJp. need replacing occasicnally. .-^ ^ . 

Usage ; The halide leak detector is made operable by holding a lighted match 
in the .window opening of the burner ttibe -^nd turning the valve slowly to the 
left. After the reaction plate or copper plate has heated to a red hot color, X 
' the flairie should be adjusted to the minimum size to maintain that color", yhe d^- 
' tector is npw ready for use and t;his is accomplished by "^holding the open end pf the. 
search hose on, in, or near the ar'ea'or article \^ be tested. ^ As the air sample 
thus , drawn into the burner l^a^ses^ over the heated reaction plate or cone, the flame' 
jcjolor changes If methyl bromide or any othet halog^ is present. ^ * " 

Since the loperating halide leak detector contains an open flame, there must 
be a^ strict ^dhbrence to the obvious safety' practices . Even when not in operation, 
it is advisable 1 not to store the detector dn a frequently inhabited foom, the"* fuel 
being a flammable gas undeg: pressure. Do not use the halig^ detector in mills, . 
elevators, or other enclosures wh^re ther^ is a posEdbilitir of dust explosion^ 

How to Use a f/C Analyser , ^ 

■ ' ~o ' . ^.^ -^.'V-- ' \ 

J The thermo conductivity analyzers (TAG) are. scientific instnaments specifically 
designed for det^ermining. the concentration of fumigant gases within t^e chamber . 
or other enclosure while the actiial fumigation is being conducted. / ' "* 

^ ■ ' : ■ . ' -. ■ ' ^ 

. Description : The TCA (Fumiscope, Fumiscope. Jr. , and Gow-Mac)'^is ligl?fe in 

. . . " • ■ " ' ■ ■ '\ t ' 
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^^eight, readily portable by Hand^ cbmplietely contained in one, compact cabinet , and 

. ■ ' • ; . '\ . ' ■ '■ ^ - " ■ 

requires.no 'auxiliary equipment. Ivt contains a thermal conductivity cell, a 

meter, a gas pump, controls, and may- contain a gas flow meter.' It operates on 
p • . , . » ^ ■ . ' ■ • .. , ^ . - ^ 

regular 115 'Vo^^t alternating current ^or i^attery^ power. ^ A gas drying tube is 

aiso , included, This should be used with any'TCA. y 

■ ^ V- ■ \ " , - • , . 

* ^ Prii:iciples op (Jperatiw>; The difference in the thermal conductivity of the 
- fumigant-laden ai#' as fcompared with purea^r is conyferted into electrical energy 
f afid^is indicated ^op'/hhe*. meter ^ as. concentration 'in oiinces of fumigant per 100 cubic 
.feet.' TCA.'s used^in PPD ,Kave been calibrated for methyl bromide by the' manuf act- 
^ urer prior to delivery. . ' , ^ ' 

When long sample lines, are used 'a small .vacuum pump .tnay be u^djv^to draw the 
^i^^^s sample from the. -test "Jsoint, to the end ^"of the lihe. This speeds up the 
readings on the gas analyzer*^ /I*he following ^table illustrates this 'fact: 



Line * Time Required for T/C Reading 

' ' ' ' / ■ ^ with Pump Without. Pump 



1- ^ . . ^55 ^ec ' 125 sec. 

2 r • y 70 " " 110 " 

^ 3^ . . ^ 75 " . , ' 120 " ^ 

4; . : 72 " ' > . 100 " 

These lines' were 150' — 200' long. 

■ ' . . ■ • # 

V -The proper procedure is to c©nnect^ the line to be sampled to the-yacuiim . 
pump while the reading is taken on anbthet line.^ When the first reading is 
comp'leted, remove the line from the vacuum- pump and connect it to the T/C analyzer, 
Repekt this procedure' until all readings are Gompieted.V:- ' ^ 

It is not recommended that^the TCA be used -for chec?king concentrations 
^ when fumigations are^under vacuum since specia^r procedures nojt herein prescribed 
would be required. • , 

• " V ^ ^ ' ^ ' • ' ^ ■ " ^ ■■ 

•. Although the TCA is^desigjied :to measure MB concentrations in the range of 
0-lOQ oz. per 1000 >pu. ft. (with close approx ligations up to J,10 oz.) and is 
Within 5 percent ,of accuracy in this range, it may -be modified to measure 0-200 oz. 
for a modest fee, by being sent^ dife?;tly 'to the manufacturer. Since the TCA*s 



galvanometer responds linearly to gas concentrations, the MC-calibrated ir;i- \ 
strumer^t may be used^ for measuring- certain other gases by the use of specific . 
multiplication factors which have been determined by laboratory studies. For 
example, carbon tetrachloride concentrations may be determined by multiplying 
the meter reading by 1,0, ethylene dichloride by 1.05, carbon disulfide by .85, 
and ethylene dibromide by 1.6. 

Operational procedures : The proper use ot the TCA .is discussed here under 
three general headings: (1) selecting the operational site, (2) standardizing the 

instrument, and (3) using the instrument for measuring fumigant concentrations. 

.> ^ . ' 

Because of /the variety of fumigation situations , some adjustments Xaay be necessary 
to- meet specific needs. Nevertheless, this general outline should be helpful in 
establishing correct operational procedures: 

1. Selecting the operational site for the TCA . The fumiscope slEiould 

*^be close enough to the fumigation pite to avoid the use of unreasonable 

lengths of sampling tubesv to allow for a constant surveillance of 

J ^ ■ ... 

fumigation setup during testing, and to avoid interference- with other 

activities )Ln the area. It should be ^t^a sufficient distance from thfe' 
fumigation^site to allow operator to function without undue safety 
hazard and to allow for easy exit in an emergency. Also to be con- 
sidered is the avoidance of excessive wiring which could cause 
mechanical Tailujre and increase the hazards of operator injury. If multiple 
locations are necessary during operation, to reach sampling tubes, care 
should'^ ^.^^S^ that each location is the best available. * " 

The TCA should be supported on a sturdy level surface, outside the 

traffic pattern^ and protected from winds and excessive cold, avoi'ding 

the ^un in hot weather. Some temporary shelter may- need to be provided', 

such as a tarpaulin or nearby vehicle. Optimum operating temperature 

is 75°F. . ) • . ' ^ 

The gas analyzers used by PPD operate on 115-volt alternating current 
or battery power; for direct current a converter will be necessary.- 
V It IS recommended that all 115 V. A. C. TCA instruments should be 
equipped with 3-wire grounding- type cords to minimize shock hazards. 



(Modification instructions; are available for present instruments.) 
Where 3-wire grounding-type electrical outl-ets are not available', a 
grounding adapter must be 'used in the electrical^ outlet and the green 
wir6 of the adaj^ter attached to a gopd ground"^ (water pipe, electrical 
conduit, etc.). To install the adapter, the "hot" side of the 
two-wire electrical outlet should be determined by use of a neon 
test lamp. Next, view the adapter firom the 3-hole side /with the hole 
for the grounding prpng ait the bottom, , and insert the^right-hand prong 
of the adapter into, the "hot side of the 2-hole receptacle.. Then 
attach the battery clip,' or end lug, to ^ good ground. 

These arrangements apply a ground to the case of the instrument ' 
and place the instrument fusQ in the "hot aide of the line. If the 
fuse "blows," suspect an insulation breakdown, short-circuiting the 
line voltage 1;o the case. 

Extension wiring should be kept to a practical minimum and should 
preserve* the grounding arrangements just 'described. Either use 3-wire 
extension cords or" attach the grounding adapter to the instrument cord. 
When feasible, r^se extension cords to clear obstacles rather than 
leaving them at floor level. * 

S tandardizing the gas analysis . This operation is the equivalent of 
adjusting the bathroom scales before weighing oneself . "^TCA is set up 
and the pump a^d meter switches set-to the on position after connecting 
the instrument to the electr^ica^ «utlet, checking the fuse if . 
inoperable. Replacement fuses (Little Fuse or Buss #3AGl/2AmpO 
should be kept available. Next ,the sampling tube is attached, using 
an adapter if of a size different from the inlet stem. Allow for a 
5-minute warm-up (15 minutes if drying, tube attached) before drawing / 
•an air sample. During this warm-up period the gas flow rate should 
be adjusted to 1 cu. ft. per hour (the Fiomiiscope Jr.- has a rubber 
* squeeze bulb in place of a pump), turning the knob counterclockwise 
to increase rate flow.^ When properly adjusted, the flow indicator • 
should float at tha mark i line in the calibrated glass, cylinder , • '/ : 
although it fluctuates slightly 'from a stationary ^positlon^ The 
current idjhustment shqtild.be made on those infetriiments with this 
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J control. After- warm-up^ the meter needle is adjusted to a sftable 

zero by dialing clockwise. Standardization is now completed pending 
the taking of concentration' reading during the fumigation operations, 

3. / Probing- 'for and Measuring fumigant concefttrations with standardized 
f umiscope . Commodity fumigations must be probed with a minimum of 
'three sampling tube fifty one in the" center of a center bag or other items 
of commodity; one in an outside bag, bale of hay, or similar item; 
and /one on the floor. Large lots should have' additional sampling tubes v 
in proportion of approximately one tube per 20 tons of commodity, ^ 
J mostly placed deep within the commodity ► Each sampling tube should be ^ 
labeled as tojWie location of the probe. ' 

Machinery or equipment fumigations should also be probed with a 
minimum of 3 sampling tubes, one high in the headspace, on^near the 
center of the machinery or equipment/ and one on the floor. Before 
starting the fiamigation the TCA should be given a tightness test 
'while in operation. This can be accomplished by placing^ a finger oVer 
the far ends of sampling tftbes. The flow ball on the f low mete^ibhould 
then fall to zero if the tubing and connections are tight.' 

In making, gas concentration checks during the course of fumiga- 
tion, the T*C A should first be warmed up for approximately five minutes, 
fifteen minutes if. drying tube is used, delaying placing pump in „ 
operation until after this meter warm-up and attachment of sampling 
^ tube. The gas flow meter should show 1 cu. ft. per hour rate, adjusting 
tp this rate if necessary. The instrument ijs now ready for use and 
gas-air saipples are drawn, via the position tagged tubes, from the area 
under fumigation, and should show on the meter as ounces per 1000^ cubic 
• feet. .Sampling tubes should be loosely plugged with lambs* wool or muslin 
. if insertion is to be made into flour or finely ground (naterial. The 
sample-drawing time, however, should be sufficiently long, to insurie a 
true jreading, varying with the, size and length of the tubing from 30 
seconds to several^ minutes.^ With 150-200 ft. of 1/4 in. OD tubing and a 
temperabiire of 70°F., this will approximate 7 min., 5 min. for 100 ft., 
and about 3 mih. for a 50. ft. line. In all cases, too, the use of a 
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drying tiobe wil,^ require additional time in drawing r-ellable 
sainples. This can be speeded by using a small vacuiam pun\p tJo purge each 
sample line before it is connected to the TCA, This "will brinfe the air 
gas mixture to the end' of the sample tube so that the pun\p in .€he TCA 
moves the fumigant air mixture only through the .gas analyzer. 

In using the TCA, it should be borne in mihd^that the :|.nstrument 

is sensitive to a number of gases other than MB, AND THESE MUST BE 

ELIMINATED FOR A TRUE READING. 

^ • ' ■ " 

Carbon dioxide may occasionally be troublesome in this regard, 

'^particularly with finaits.. If a pre-fumigation test indicated signifidant 

quantities, a tube of sorbing material (usually sodium hydrate, such sSt^ 

Caroxite, a Fisher Scientific Company product), should be placed in the 

sampling Line. 

After final readings of a fumigation, /the fumiscope should be 
' thoroughly purged: by removing .the last sa|»piing tube and allowing the 
pump to draw pure adLr /through the inst:^'ument for several minutes. 

/. Hqw to Use a Drager Detector ''^ ' *^ , 

TJtie; D^^ager detector cbft3ifets%f-;a\pv^ through 

a^caii^irajte^^^^^^ ^Jass "detector t^\il)e are fused ^ to 

seal the tube from" cpiitamlnattcm before drawina' 

a. sample through the tube.. * ^'Th^^Qfet^ in the pi^p 

ia.Vtifch a way that the ar^vh ^iv^^f^^i^ t|le pump. Several 

^strokes of tbe pump are needed tci^ draw an adequate sample of the fumigation 

^ ' ■ ' ■ • • 

'atmo^iphere through the detector tube. 

• The concentration of phosphine, methyl bromide, or sulfuryl cliloride can 
then be read directly from the printed scale. The limit of the stain indicates 
PPM of , fumigant in theair. If there is no color reacti6n after drawing a 
san\ple through. the tube it can be used for' another sample. ■ The detector tubes 
Should be stored below 85 F. and protected ffom^ light/ Under these conditions 
they have a storage life of two y^ars*. At lower storage ten\peratures they can 
.be stored for. longer periods without losing effectiveness. ■ 
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How to Use a Gas Mask 



Principle of operations: The gas mask, when properly assembled and^ 
fitted, is a compact air purifying unit which f urnishes'^rotectipn against 
tho^e harmful gases or >aB^rs Usted on the banister la/el. During inhalation, 
the air enters the canister through the bottom and passes into" the ; interior , 
Here the air is chemicfall'y .purified or the harmful gases or vapors neutralized. 
The purihed air thfen passea through the corrugated rubber tubing into the 
molded , channel of the .facepiece, soiAe of these channels directing the purified 
air to the lenses to reduce fogging. During exhalation, the »ir is expelled 
from the tacepiece through tlfe exhalation valve which is so designed as to^, 
permit near normal conver^j^tion. This valve outlet also serves as a drain for 
moisture which m^y condensb from the operator ' s breathing within the facepiece. 
An inhalation valve at tWs bottom of the canister prevents the exhaled air 
•from being expelledthrough the canister. , 



Usaae: The gas mask must not, jse used in an atmosphere deficient in oxygen. 
The. (Canister label itidicates the limitation as to percent of'djigejous gas or * 
vapor in which; it is effective. The wearer should advance -cautiously intd'the 
contaminated area and return to fresh air immediately if irritatiJig gases are 
noted or if symptom? of distress , are experienced. ' - ! ' ' 

In preparing the gas mask for use', the following steps are taken (a 
• Wilson-WIG^mask is used /as an example; details {*ill vary with other masks) • ' 

1. Remove from carrying case and examine visually for defects. 
Check all rubber -parts and fittings for deterio;ratioh indicated by 
minute cracks in l^the rubber. 

2. Check canister for effective date and gases for which effective. - 
Canister must not be over four years old and seals must still be intact. 

3. Place neck strap of canister harness aroufi^neck with laces forwdrd, 
adjusting^ carry canister weight in coM^aWe position. 

4. Attach ^y strap to hold canister firmly against body. 

5. - Remove canister seal. 



6, Loosen mask head straps to end tabs. 



?• Pit mask to face and Jiead, firmly against chin strcJtch strAp; the 
head harhess should c6ine ''completely to back of head; adjust all 
Straps for snugness, pullingi top forehead strap last for securing 
tight fieal* 

8. ^Test mask, holding hand over air inlet on bottom of caniste^; mask 

collapses on inhalation if aiptight. 

9. If mask does not pass leakage test, tighten all 'clamps, connections, 
and straps, testing facepiece by grasping, breathing tube and 
squeezing it closed. 'tk. 



Maintenance ; After each fumigation usage the gas 'mask should be carefully 
checked for any necessary repairs. After disconnecting the breathing tube 
fr6m the canister, the facepiece should be cleaned with soap and warm water^, 
thproughlj^rinsed, and swabbed, with a mild disinfectant, drying at room ^ 
temperature.-/ The mask should then be reassembled, equipped with a hew 
cannister with seal intact, and placed in carrying case, ready for emergency use. 



Canisters ^re avaiL^le in several sizes. They will protect the user 
only as long as the tdxic (vapor/^s removed from^he air he breathes. The '^'^ 
time is determined by the* gras'^ncentration, the rate of respiration, and the 
,fumigant used. Contact the manufacturer fpr information on the length of time 
a canister can be used before being discarded. . \ 
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, ,4lPLF-HELP QUESTIONS 



Now tljat yoli have studied this section, answer these questioL. write 
the answers with a pencil without referring back to the text, when you are 
satisfied with your answers, see if you are correct by checking th^. in the 
text. Erase your answer and^ write in the correct -answer if your first 
answer is -wrong. 

• - ? - " ' ' ' " 

1. What emergency tel^pl^e numbers should be known in advance of ahy fumigation?^ 

2. Should warning signs be posted ihere fumigants are being "used?. / 

3. Should fumigants be applied from out side ''the structure whenever .possible? " , ' 



4. What is the, minimum number of persons who should work on a fumigation 
operation? 

5. What are some indications of poisoning f;-om' ijanigants? v. 



.6. Are- canister-type gas masks effective at high concentration^ "ofSf^igant 



s?. 



7. ^ftiere can you find information on tiiff-^per canister to 'use witl^ a ^umWt^?' ' ' 

■■ , , ■ , . . . 

8. When is a self-contained breathing -apparatus required instead of a canister 
gas mask?' ^a"j.ater 

9. When should a suitable gas detector be used? ^ 
10. -What are |ome fumigants* that can be measured with a halide gas detector? 



11.,. Where is .it dangerous to use a halide gas detector? 

12. How shouldVa vacuum pump be u4ed in conjunction with a TCA analyses? 

13. What is the closest distance fro|^ fumigation site that a TCA analyzer 
should be used?a ^ 
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What is the minimum hiam^^r of sampling tubes that should , be used with 
BL ^jfCA analyzer? y 



Hoyy i's carbon dioxide eliminated from "^Interfering with, readings from 
TCA analyzer? » , 



What are some fumigants that can be detected with a Drager* detector? 



What should 4nv. operator do M irritating gases or syrtiptofhs of dfst'ress 
are noted In' k fumigated -airej^? 



How. should Che facepiece/of a gas mask ^ cleaned? 

J ■ 





\ 




\ 



, TYPES of" FUMIGATION ENCLOSURES 

There are three comino«3 types of fiimigation enclosures. Each-ha^-^^dvant- — 
ages for "certain uses and none of them "tran meet all the neeijls for an enclosure to 
confine the fumes of certain chemicals until they have killed the pQst. ^ 

' W- • . 

Permanent Atmbspher i c Pr as sure Chamber s 

All fumigation chambers n^st be. tight. Those constructed for fximigation 
Those constructed for fumigation purposes ^should hav^^dufile walls, although in^ 
some instances single thickness materials are used tp construct chambers for 



- temporary or limited use. It is advisable to use ^rouble walls' whenever possible 
and to use insuls^tion materials between the w^ils. ,0n double wall chambers the 
J.nner walls should be checked for tighlne«^ after- they are sealed and before 
an- outer wall is added._^ - . - 



Leaks are easier to Ipcat^ and repair with only a single wall in place. 
It is advisable^to use double walls and -insulation material between the walls, " 
especially if the- chamber is built in an open area where existing weather 
'^boridiSlons may affect chamber temperature. Chambers constructed in thi^ manner 
will prevent a sudden rise or -fall of temperature during periods of exposure. 
Drastic temperature fluctuation may interfere with insect kill or adversely 
,affect products being, treated. Existing rooms or buildings may be conv^rt€a to 
serve as fumigation chambers; however, tjie same precautions .must be taken to 
insure tightness. • ^ - , 

In assuring the tightness of the fumigation chamber; it should be. borne in 
mind that the outer wall is of little importance. It does act asf a windbreak * 
and prevents p^Tssing air from syphoning gas through pbssible openings. The 
inner wall is the one th^t has to be made tight. This can best be done by 
planning the structure carefully. In the case of a' wooden frame building,/ 
sheet material should be used for the inner lining. The height and width of 
the ]?uilding should be planned to conform to the ,;dimensions of /the lining 
material to be u^ed. Pressed masonite, sheet metal (with exception of aluminum) , 
and plywood are satisfactory lining matcj^ials^ They 'are manufactxafed in ' 



different lengths and widths but the stah(S(ard size is 4 .feet in width and either 
6, 8, 10 or 12 feet in length.. The upri^t studs in trame buildings 



should be exacjtly tS^e height of the i^S^^red ceiling and should be soaked 86.^ 
that the sheets of lining material may^i^, joined on center? of properly spaced 

^ , The tightness" or\ atmospheric pressure ^itobers nas been stressed an^ ig 



importcuit; howeyer,^t i^s difficult to make themNmtirely tight. R^ardless 
Of how veil constructed ,>>^ome air leakage usually o^cji^s. . The la^^^ pf absQlttte 

"tightness, was taken into cbnsideration in the develo^mfeivt^-^ i^- " " !! .. 

fumigatioh schedules and, so long as the degree of tightness meets stcEndard 
requirements., furtigation chcunbef-s will perform satisfactorily, 

'• ■ • !■ • ,1 

All jj^riinahent fiomigation chambers, except those ui^ed to .fiimigat^ T^hicles, 

should have false floors.' They are refquired because gas-charged air must be ^ 

made to move in! a manner so that it isNf dreed around and through ti^e load. The 

.distance from the'^^^j^^ofefeXoor to the false rxoor must vary according /to the sizp of 

the chamber. This is necessary so that the\N2unount of free air beneathx the load 

will be sufficient to supply the air/int£Uce needs of the various blowers ) 

required for different size chambers). 

Talse floors* shoiild be slat^ted i/ith.ijoards o£ appropriate thickness, .These 
boards should not^be m^6' than 8 incites wide, emd should b^ spaced twa or more [' 
inches', apart, ^ " l"-./' _ , '/'^'^^ ' ' ' ' ' ' 

' If fvimigation cl^^mberB are/lianer lined with plywood or masonlte, the most / 
likely places for air to esca|)e are: ,where the sheets join each otBa alohg^ j, 
the sides »pf the chambers;* wherp. the upright sheets jq,in the sheets that form 
the overhead ceiling; or where the bottoms of the sheets join the floor. 
Because fqmigation enclosures^e subjected to extreme changes in hiimidity and 
temperature, lining materials will 'e:q>and and contrsact ^ and eventiaally cause 
air leakage-nnie^s the^aterials are properly jointed. ^ The lining sheets 
should not be joined clos^a^ together; a space^^of about 1/8 inch should ife left^ 
between them to alloW for expansion.' These 1/8-inch openings should be filled 
\ by forcing caulking material into, and along the sides of the seams. Common 
roofing tar i^s satisfactc^y for^ this purpose. It does not harden like'^^^tty 
But will expand and contract with the 'ceiling and will hot separate or»leav^ 
openings.^ Two-inch lath ^trij^s should be nailed tightly over the caulked seams. ^ 
Rust -resistant sheet iron ^^s ideal .for lining fumigation chambers. 
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It does require^jpainting when ethylene dibromide is used. I£ the sheets 
are overlapped about 1 inch, fewejp nails will be required. When one>edg6 
of the' sheet has, been attached^ to tfhe studs, a liberal amount of caulking 

' material should be placed along the edge before the overlapping sheet is 

> ■ ' 

attached. The overlapped area should be covered with lath strips and nailed 

' at. friCquent ^intervals. The nails Should be confined to the area where caulking? 

Imaterial existsX ' 



PuihigStion chambers may be cohstiructed wit;h cement slab floors and walls- 
brick or cement blo^c^.^ Pressed masonite, plywood, or sheet metal — except . 
aluminum^ should^e used forS^hie, ceiling with wood joists. Walls and ceilings 
m4de of wood, cement blocks, or iDi^icks require inside finishing, to prevent gas 
leakage. / ' \. 



Fumigation 



ers constructed of cement, cement blociae, or bricks may 




by an application of cement and? water if only 

o be used as a^^uirtigant;\if wood is used, it must 



be made sufficiently tic 
methyl bromide or cyanic 

be painted with an approved ^pa'i^t^. If ethy^ene>.dibrOmidV iSj^o be usec3> false 

itiust be given 





floors ^d 2^11 inner linings, with rhe. exception., bf sheet 

twb codts of ga^-resi^'tant pai^^ or varnish. ElcX)rsXceilings\^and walls- 
\ other than sheet metal— not sealed with yinyis^lastic must be painted with at 
^least two coats of the approved paints or varnishes prior to u$e 

The doors are responsible for most of the leakage in r\^igation chaml^ers. 
This can be prevented to a great extent by using straight material ,^ larger 
than usually used in the construction of door frames. The door should not be 
larger than needed to accomodate loading of .products, should be of ^puble^ 
thickness to minimize warping, ahd should be equipped with strong, sturpy hm^e 
Jwo parallel strips of moulded rubber gaskets sTiould be cemented on the d^stor 
facing so that when the door is shut they* are compressed tq^^rm a tight sea3 
A' wedge or leverage-type latch, similar to those used on ice houses, should be 
used to hold tl^ door closed. Despite these precautions, the gaskets may lose 
resilience or the hinges will become worn or sprung 'and the door m^iy warp. 

. ■■ ' ■ . ' ■ ■ . / 

In order ^±o overcome present , or possible future difficulty with fumigation 
'chamber doprs, it is advisable to^provide for cross braces while the chamber d$ 
being ^construe ted. Cross braces placed at positjions .about one-third and two- ^ 
thirds of ' the height of the door usually suffice to insure tightness^ Four 
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— irjpp bolts should extend through the door frame, threaded ends out at a ' ' y 

sufficient distance from the door to allow it to open fj^eely. Cross braces ^*"*>v^ 
should be made of heavy timber' or' pieces of angle iron; hcaes may be bored in 
^ the ends to accoramodat-e the bolts, and wing i^ts may be used to tighten the- 

braces against tiie door, , , 



Tarpaulin Chamber 



A method of ten used to confine fumigants is thei t/arpaulin/ This may be 
polyethylene film, plastic-coated .nylon, or^|,flpy other tarpaulin material ^ that 
is impervious to the fumigant. /These tarpaulins can be moved'-to the Ivi^iigation 
site where commodities, equipment, or vehicles can be covered and .fumigated. 
This type of fumigation enclosure conforms well to the load. It does not 
require large amounts of gas to ^mi^te exoesis space because the air space 
between- the load and tbe tarpaulin, is mliltoum. However, "adequate head space 

must be provided above the load. 

. " • » ■ «■ 

Operators should realize that fumigation, tarps are not in the same class 
as^ar-coated canvas or oth^ water-resistant tarpaulins^ ^*umigation tarps dre 
quitfe expensive* They should never be ' Us§d-^r any purpose -other than 
^ fumigation. Tftey s^iould be handlqfl^ carefully an^ never ' dragged along the gfbuftd. 

After use, they should be cleaned, .drW if necessary, ' and folded and tied. ' 
\- IfVthey are not "well cared for^ S^ey will be torn or the plastic boating will 
com^ off in areas that' have been exposed to chafing. Injury of this type is 
diff±^^:.t to detect unless the tarpaulins are draped over^^oles, tent fashion, ' 
and ins|iected from insidQ^ Air leakage up to a ..certain point is permissible, but 
beyond t;hat-point tarpauiins will not hold enough gas to kill, insects. 

' Whon tarpaulins are used fot fumigating cc^bdities, the In^st serious loss * 

• of gas riiay be caused by absorption in earthen floors or escap? around the 

^^fcottom ^dges of the tarpaulin, ^"ftmiigation shduld be conducted on asphalt or 

cement pove^red surfaces or ];ight wooden . floors, if- possibly. Thin, expensive 

plastic sheeting, laminat^^: sisal-kraft paper, or lightweight roofing paper must 

"rf ' ■ ■ . ■ ' ' , * 

be used to cover leaky wooden floors or loose or sandy ground to prevent gas 

penetration. ^ The sheeting afhould coverlthe entire area intended to serve as a 

'floor for the chamber. The^ sheets should be overlapped about six inches. Sand ' 

or earth may be used to cover them to* a depth of one or mbre inqhes as protection 

|^a*lfet punctures. Methyl bromide losses cax\ be reduced by thoroughly wetting 
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• lancovered earth prior .to releasing the .gas. Much gas will^.enter sandy soil, : 

' despite packing and v^'etting. ^ ' 

c ' " - V 

3En;order to prevent gas leakage ciround the bottom of the tarpaulin, it 

• is necessary to arrange the load so that at least two or three feet of the ' 

tarpaulin is ayail^le Irn -expend outward from the load cuid lie flat on the 

surface. The surface should be smooth and even. An effective seaJU can be made 

by pouring loose sand on the flat portion 6f the tarpaulin or by using over- 

lapping sand or water snakes, which are long ^cloth "^or plastic bags /about 5 or 6 

feet long ancf 3 or 4 inches in diameter, filled with sax}6, or wat^L 

• ■ " ■ ) ' . * ■ I ^ 

Tarpaulins, ri^gardless of liow good they' are or hpw carefully they^e used,- 

are oi^ly substitutes and, should be used only' whgn chambers are not I avail^le. 

' They have many objectional features. Even the best of them have, many very small 

openings that Sllow some gas to escape. ^ They are' thin and, since /there is no^ 

.^tecond wall to re,tain static -air, thet, movement of - outside air will\<2ause them 

to^ose gas through any openings that may exist. When tarps are used-aiid exposed 

to sunlight,^ over heating, may be^encountered. Excessi*^ heat may cause serious 

injury to plants or perishable commodities, / - . 



It is nece^ary to form a good seal between tXie lx>ttom edges of the tarps 

the floor and it is also necessary to^ place empty crates,^ empty itietal drums, 

or other-Anertr objects on top of each*" load to' allow for, adequate space to mix 

air cind gas. - In effect, a fumigation chcimber is built each time a tar"^ .is used , 

and this is both ti^e consuming and expensive. addition,'^ more fumigcint may 

be required as some schedules require higher dosages for tc^rpaulin fumigations 
/* * ft 

in order to compensate for loss of gas. For the above reasons, .permanent cKiLnbei 
should be erected and tarpaulins should not be used in situations where repeat 
or continuing fumigation is anticipated. 



■ W 



If regulatory fumigations are done under tarps, they must te checked with 

^ ' • , ■ '■ . / 

T/C analyzers to' be sure that the* corr-edt dosage has been applied and uniformly 
distributed at the start, and to detect unusual leakage which often occurs 
with these fumigations. . , 
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Vacuuih Ct^ambers . . ' \ ; ' \ i^-l 

Vacfuum fiomigation chambers axe les^s -frequently uspd. They are commercially 
built and must be able to sustain vacuumij^r^quivalent \:o.'24.5 friqhes mercury.^ 
Because of the' strength and accessory equipment needed to siistain the requirfed 
V vacuilm, these chambers are expensive .to build ^ an^ equip knd axe generally 
rlinilied in size. . v - ^ 

Before introducing the fumigant, ,the vacuum must be increased to the 
r;equirea level. The mechanics of operating a vacuum fumigaMoh cKamber shoiild 
be Applied by tha manufaqturer building the chamber. ' / ' . , 

Advantages of vacuum fumigation over atmospheric pressure ftaln4.gation are 
. that the exposure^ period i« shortened, the fumig ant will penetrate tightly 
baled commodities more easily, and a check of the chamber is built into each 

' ' ' V ' ' ' 

treatment. If the chamber is not tight it is impossible to draw and maintain a 
Vacuum. Finally, the arftdunt bf fumigant required is less because there is..ho . 
j> leakage. * •* ' \ v ^ ' * ^ • 

Use of RcdLlway Cars and Other Wheeled*^ Carrier^ as Fjumigation Chambers 

Many boxcars, T>'ans,,and other wheeled car;piers a^e unsuitsUble for use as 
'fiamig^tion chambers due to the inability to contain the fumigant within them. 
. Some , however , may ^ used. VOien they, are used tliere- is normally some temporary 
i sealing required in order to prevent gas leedcage around doors and vents. Four ; 
< inch masking tape is ideal for this purpose- provided the -surface on which it is 
to be applied i^ clean arid dry. • v , 

Finnigation in wheeld^ carriers is convenient in that the coinmodity 'may be ■* 
treated without being loaded and unloaded. ^ Also, the" fumigation killis the 

• insects in the ^,ee space of the carrier and live pests do not remain .behind 

♦ ■ • • » \ ■ ■" • ' * ' ■ 

to infest the next load. " ,^ : ' * * 

•f . ■ . ■ . • . . 

^ , Railway companies are usually , willing to permit fumigatidn in tjieir- equip- 
ment. Whenever . a railway care or wheeled van is used as a furtigation chamber 
it should be checked "fpr tigi^tne'ss prior to loading, if possible. Any 

obvibus leaks should be sealed. Any wheeled carrier that cannot be adequately 

- . •* / . . . 

scaled jshould be covered with a gas tight tarpaulin or plastic sheet. 
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^Uilwa^^;^^ars should be fiamigated on isolated sidings/ Highway vehicles 
should ?als6 'M' placed in protected sites. Neither shoUld be allowed to move' 
until the fumigation period is completed. If they are moved, the vibration 
caused. £y the moving ruptures the seal and the fumigant escapes. Appropriate 
warning signs should be^ placed on main doors and hatches* with instructions for 
adequate ventilation before it is entered for inspection or unloading. 

The two commojily used fumigantsj f or wheeled carriers are methyl bromide 
and phosphi-ne. In general the techniques for pealing and fumigant application 
are the same as those'described for chamber fumigation. 

Greenhouse Fumigation ^ 

For many years f liimigeuits were _used^ the routine control of insect pests 
^ in greenhouses. Calcium cyanide dust generVtincf HCN gas with the aid of moisture 
from the air, and>icotine volatilized as a gas by ignition or other means, 
were both commonly used. Recently the aerosol methoiJ if dispersing insecticides 
' and evaporation from steam pipes have found favor. This permits treatment of 
, large areas^of greenhouse space quickly and economically. 

In computing the dosage of insecticide to be applied, the cxibic capacity 
of ^ the greenhouse must be known. Any space occupied by pl^tsV^^boj^hes, soil, 
etc. , should be ignored. At present, ^^wide range of insecticides and 
acaricides is available. These include liquefied. gas aerosols, smokes, * fogs, and 
gases. 

When aerosols, fogs", smokes, steam pipe fumigant s and gases are applied 
^^t is necessary to close all vents.^ Temperature should be maintained above 
20°C, (68°F-.) but kept below 35°C. (95°F.). Outside wind velocity is important. 
It is ^ot^ practical to carry out treatments when the wind velocity is above 10 
mi les^ par- hour because when the wind outside is too strong-, there is uneven 
distribution of the insecticide in the greenhouse, resulting in underdosing in ' 
s6me places and overdosing in others to the point of plant injury. 

In applying liquefied gas aerosols the. term aerosol is used to describe 
the form in which the insecticide^ is dispersed after it leaves a special cylinder. 
■ on discharge into tha open the liquid vaporizes and leaves particles of insect- 
icidp suspended as a fine mist In th» air. This form of application is 
distinguished from the genrftation of fogs and smokes. Aerosols are econsmical 
however, th^ey do not penetrate soil and 'they are not effective against slugs or 
Q snails. ' yf ' 
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Insecticidal and acaricidal smokes ^re useful in smaller greenhouses. 
The toxicants are mixed with a combustible material in a special container 
that permits ignition and discharge. Generally speaking, the smoke cause less 
plant injury than the aerosols. " " 

The production of fogs ^ a modification of a spraying ..technique. By 
means of compressed air, spray concentrate . solutions 'are forced through 
atomizers so that small droplets are. formed^ 

True vapors or gases are "still used in certain ways for greenhouse pest \ 
control. A^ethod of some value is to paint a slurry of some . toxicant on the \ 
steah pipes.' The gas is usually volatilized during the night. 

Methyl bromide is not usually a suitable fumigant for general release in r 
" a .greenhouse because J.t diffuses so rapidly through . small holes that it is / 
difficult to maintain the concentration needed to kill the pests. 

Many of the materials used. in aerosols are extremely toxic to humans. It 
is necessary that persons applying aerosols we^ a respirator and protective 
gloves and clothing. The respirator should be of the. industrial type (employing 
fij^er type canister). The canister recommended is for "organic vapors, acid 
gases, smoke and dust." The protective clothing consists of a work suit. ^ 
completely covering the arms and body and long^ubber gloves. Warning signs 
should i>e posted on all greenhouses being fumigated to prevent accidental entry. 

Fumigation of Grain in Bulk ^ • . 

One of the most important considerations in the fumigation of bulk grain 
is the diversity/iof structures u^ed for storage. The shape,' size, and. t^pe pf 
construction create special problems in^" achieving and maintaining the gas 
concentrations required.. Grain storage . units are usually broadly classified fibr 
fumigation purposes as follows: ^ ^ 

1. Upright (vertical) storage. In this type the height is greater than 
^*t1ie^, length or width.' , ^ ■ ' \ , 

2. (horizontal) storage. One dimension,^ either length or width, is 

• greater than the height. ' ^ 

3. * Farm type bin^ and storage uijit^s. ' • . 
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Direct mixing of the fiamigantUs used in vertical' storage situation's. 
The fumigant is applied to the grair^o that it is distributed as evenly as 
possible from the beginning of the tre^fanent. This method is often, used when 
infestation is general throughout the maps and there is access to the grain 
stream as. the infest^ed grain is being run into a storage for the first time or* / 
is being transferred from one bin to another. Only liquid or solid type /fiamigants 
are used in this way. This is a simple method because good results can be 
obtained if the application is done by hand. 

The Surface" Application Method is used in flat storage||^ituations and 
utilizes liquid type fumigants. ^ The liquids are sprayed e\4pnly over the top 
surface of the g:^^in. The vapors slowly evolve and diffuse downward through the 
grain. Under podern conditions this method' is usually used only 'when the grain 
cannot be turned or in an emergency situation. ' ' 

In Farm Storage Fumigation the gas-tightness of the struct\ire is an 

important factor becauge the bulk grain is not large enough in itself to retain 
t 

vapors once leakage begins. Steel, concrete, or tight wooden structures, are 
ustially Satisfactory. - Most wooden storages are leaky and it is advisable to line 
the floor;^^d walls on the inside with stout roofing paper. Avoid fumigating 
in windy weather. 

The best way to\ apply liquid fumigant to small storages is by spraying 
the surface from the' outside of the buildings with the aid of a stirrup pump. 
Some liquid fumigants, such as chloropic^n, are supplied in one pound cans. In 
some applications it is conveniefrtriib puncture the cans, invert them, and thrust 
the opening about six inches below the surface. Aluminum phosphide . tablets have 
also proved promising for the treatment of small storages. . ' ' , 

Piles of grain, large or- small, may be treated by surface application in 
any of the ways descijibed Sbove. However, only partial *kills may be d^pected 
if the grain is not covered with 'a gas-tight tarpaulin either before or 
immediately after the application of the fumigant. , ' 

Treatment of localized areas in a grain mass is often a useful technique ^ 
f&si;;^ealing ijtith incipient infestations. These ^'spots'' are usually recognized 
an^ defined by a local rise in temperature. Liquid type fumigants applied, 
through tubes or aluminum phosphide tablets are the best materials to use. 
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The application of fiamigants to large masses of grain in var^.ous types of 
structures involves considereUblfe amounts of funfi.gants. Under these conditions 
safety measures are of prime importance- Only* fully tr.ain^ operators should 
be entmsted with thes6 fumigations. The operators must be fully protected 
at the time of application. This is especially im(portant when us-ing liquid 
fumigants. Proper ventilation of the working space where the materials are being 
applied ^is necessary. Other per^ns working in the vicinity must be warned that 
a fumigation is. in progress. , : , ^ ^ ^ 



Soil Fumigation 
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Soil fumigants are pesticides which 6xert their toxic action as gases, 
and are applied to soil for control of nematodes, fungi, weeds, insects or 
bacteria. Some are broad-spectrum materials that. Ccin be used for control of many 
kinds of p^sts, while others are suitable only for control of a limited nximber 
of types ,of pests. Soil fumigants are usually formulated as gases or liquids, 
and the vast majority are halogenated hydrocarbons. Gaseous formulations are 
distributjed in pressurized cylinders , and liquid formulations in metal or plastic 
containers- Granule or^gel formulations are available for a limited ^lamber of 
compounds. For optimal pest .control, soil fumigemts must be applied under 
specific environmental conditions, cind most are highly toxic to living plants. 
These properties must be evaluated in detail in relation to each specific soil 
fimiigation need. / ■ . ' ^ 

^nvlronmiental conditions ; Soil for' fumigation should be in a "seed-bed" 
condition. It must be of uniform tilth, contain as little nondecomposed organic 
matter as possible, and beof adequate soil moisture potential, fc^ut not wet. 
Soil temperature should be between 50° and 80°F. If the soil is too cold, too 
moist, not prepared properly, or contains too much nondecomposed organic matter, 
the soil, fumigants will not diffuse properly and good pest(^ control will not be 
obtained. If the soil is too dry or the temperature too high, the fumigant will 
be released too rapidly, resulting in poor pest control. In Michigan, it is 
best to apply soil fumigants during the early part of fall^ Long-range . ' 
planning is necessary, for proper use of soil fumigants. Because of the sorption 
properties of organic (muck)/ soils in relation to the chmical properties of 
soil fumigamts, it is usually necessary to use twice the normal mineral soil 
rate of the chemical for good pest control in t;hese soils, ' : 



' ■ . ■ ■ . ■ ) \ 

Fumigant and formulations ; Methyl br^bmide^ chloropicrin, and mixtures / 

ofi^fchese two chemicals are the most commonly used soil fumigants f ormulatea 
as gases. Th^se materials must be applied under a tarpaulin or plastic cover. ' 
They can be used on a broadcast, row,. or specif ic-site "basis . These materials '~ 
are phytotoxic, must be applied on a preplan t basis, and the soil must be aerated 
prior to planting. Some plants are highly sensitive to brbminated compoiinds 
and such materials cannot even 'be used on a preplant basics in cropping systems 
including these plants. " . 



,1,3-D (1,3-dichloropene and similar mixti&es) EDB (ethylene dibrOTiide) , DBCP 
(l,2-dibromo-3-chloropropane), and mixtures of 1,3-D- and chloropicrin' or -methyl 
isothiocyanate,"or EDB and chloropicrin are the most commonly used soU 
fumigants formulated as liquids. They must be injected to an appropriate soil 
depth (usually 6-8. inches, but^is can vary with the objective of the treatment) 
The. soil should be slightly sedlWd after .^fSplication. The materials can be 
applied on a broadcast, row, or specific-site basis. All of' the compounds 
except. DBCP are phytotoxic and must be applied on a preplant basis. The soil . 
<Hust be aerated prior to planting. With some crop's, DBCP can be applied ^on an 
at-^ant or postplant basis, anulsifible concentrate formulations of DBCP are " 
av^il^bl^ and in specific cases the material can be applied through irrigation 
water. Some plants are highly sensitive to brominated compounds and these 
materials cannot be used, even on a preplant basis, when these plants are u-sed 
in a cropping system. . « V " * 

Jn some locations, DBCP can be obtained in a granular formulation. For' - ' \'. 
good pest control, it must be incorporated or irrigated into the soil, tiel • - ' 
formulations of methyl bromide and combinations with chloropicrin are available. 
These must, be injected into the soil and can be used without a tarpaulih\r 
plastic cover. s<^il fumigants are toxic chemicals and must be used with the ' • 
safety precautions outlined in the commodity,, structural, and greenhouse 
fumigation sections. » 
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S6ll fuihigation equipment ; Equipment is* cpmmercially available for 
broadcast, row, and specific-site application of gaseous, liquid a^id solid 
formulation^ of soil f umigants • Application equi ^ggn t can be rented from 
fumigant distributors, cihd custoin operators service in some geographical areas 
Many agricultural .producers have successfully constructed their own soil 
fumigation equipment. Soil fumigant s are corrosive chemicals, and fxroigation 
equijanent should be constructed out of appropriate materials. Equipment must 
be cleaned with appropri^tfe^^olvents immediately after each use. 
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SELF-HELP QUESTIONS 



Now that you have studied this section, answer these questions. Write 
the answers with a pencil without referring back tO' the test. When you are 
' satisfied with youi: answers, see if you are correct by checking them in the 
text. Erase your answer and write in the correct answer if your first answer 
is wrong. ^ i * j 

1., What are some satisfactory lining materials for a pemanent atmospheric 
^ pressure fumigation chamj^er? ij 

/ 2.- Where are air leaks most likely to\occur in an atmospheric pressure 
^ fumigation chaitOber? , ' ^ 



3. What should be used to seal wood liners of an atmospheric fumi 

4. What types of material can be used to make a tarpaulin fumigation chamber? 



5. Where do the most serious lo3ses occujt with a tarpaulin fumigatiort chamber? 



6. Why are fumigation dosages higher in tarpaulin than j.n permanent fumigation 
chambers? * 

s 

7. What are the advantages of using a vacutmi fumigation chamber? 




8. Where should railway cars be placed for fumigation? ' ' 

9. What is the maximum outside wind, velocity for fumigation of a greenhouse? 

10. Do aerosols penetrate into soil when used In greenhouses? 

11. Do smokes generally cause more plant injury than aerosoli^*i^'^reei6iouse^ . 

■ .• • • 

12. How are fogs produced in greenhouses? ' .^ 



sqiri 
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13. What safety equipment is needed when fiamigating a greenhouse? 



14. What are the tshree broad types of bulk grain storage units? 



15. How are fumigant;s applied to bulk grains in the surface application method? 



16. How , are "spots" in bulk grains recognized? 



17. What J^oil conditions are required for effective soil fumigation? 



1 



18.. How are liquid soil fiomigants ^applied? 



19. What types of formulations of soil fumigants arp available^ 



\ 
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FUMIGATION PROCEDURES 



Gener j(l Information - , 

'ThisXection deals, with general fiamigation procedures whicsji are essential, 
to the 'safe, effective use df fmnigcints. 

The use of fumigants is often regulated by local governments. Regulations 
are designed to protect the health of those applying the fiiirkgants and the 
public in general. Regardless of whether the treatments are ma^e it permanent 
.installations or are carried out once only in a particular place, -it^is 
necessary that all regulations be observed. , < i 

When conducting a fiamigation', always: - 

1. ' Inspect the premises and make sure the fiamigation can be conducted y 
without endangering anyone in the area. Post the area *with warning ^ ' / 
signs . * ^ y 

• 2. Select the fumigant which is ragisterecj by the E.P.A. for the work iiivolved.' 

3. If the fumigant of choice has no natioral warning agent properties, 
consider the use of a combination of fiamigants to obtain such a warning 
agent. However, do not violate the^sidue tolerances. . , v , ' 

4. Seal the structure or commodity effectively/ VThis is the most J, 
important part of any fumigation and is the key to a successful fumidation. 
Bric]c|.or cem,ent buildings in good repair can usually be .fumigated by 1 
sealing all external openings. Doors and windows, should be firmly cloi|ed 
and tape^ or caulked. REMEMBER^fumigation may be successfully carried 
out in any structure that can be made "gas-tight for the length of time \° 
required. ' - " \ 



5. Place the injection equipment in such a manner as to assure initial • 
« distribution of theigasr ^ 

6. if circulating fans are to be used, place them in a manner, which will"; 
properly circulate the gas. ' . ^ ■ ' ^ ^ 

7. Calculate the dosage. All dosage recommendations are made on the'basis 
of volume (cubic content) of the structure 6x bushels or tons of grains 
and(9ther c^oditias. For regularly shaped square or Rectangular >^ 
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s.tructures* dosages are calculated liy multiplying length by width by^ 
height, xf the structi^e is drregularv^t^e voliame of each unit should 
be calciU/ated separately and then added tog^her. If the structure 
has. a peakecLroof, the average between the he^^^t of the side wail and 
the distance ftxan the lowest floor' to the top^^fNthe_roof_jnay ibe taken, 
as the height- d^ens ion in calculating^^^i^ volume. 



Introduce the fjiinigairtnJsih^ f cuis and heating* appairatus 
If practdcal,^^ only a fraction of the fumigcuit should be applied 
for leei^age using approved detectors cind correct leaks if discovere 
Then introduce the remaining fumigant. 




9..^/*Protect the -fumigation during the exposure period. No unauthorized 
•personnel should be allowed^ in the - f umigatio^i site 



Periodically check 



ructure for leaks. 



ID. 



After the exposure^ perVpd is completed the structure should be^ aerated; 



open as many doors and yindows as possible. Ventilators and circulating 

■ • ' ^ \ . ■ . 
fans should be used to aid i.n withdrawing the fumigant. "As soon as the 

steps for initial venting are taken, the fumigators should withdraw 

from the immediate vicinity of the fumigated structure and wait 30 

minutes .before re-entering. Ch^ck for presence of fumigant and continue 

aeration procedures, until the structure is free of^gas. 



Loading of Chambers \^ ^ • 

The way commodities' ai;^ loaded in a, chamber' has an effect on furtigation 
efficiency that should , be^ ki^wn by all operators. If fumigation. enclogiCires 
cure loaded with. (Commodities that ocqju^ about 3/4 the capacity of the^^^^dln, 
fumigants have ll^ss tendency to stratify or escape from the chamber than they - 
do if excessive free air space surrounds, the *load. For)example; if a fumic^ant 
has been properly applied in a normal chamber-load of^^J^?«pit, the gas Will/come^' 
in, contact with all of the fruit almost immediately and will penetrate a^ a 
rapid rate. Air space between the fruit and the contai,nei>4 would tend to hold 
gas-charged air until lethal dosage^ pf jgas had been taken up by the ^iruit. . 
Absorbed gas would remain in the fruit even though the* chcunber ha^ air 'leaks. 
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- If, by comparison, a piece of harvesting machinery were treated in a** siitiilar 



chamber, practically no fumigant could 4De absfcrbed by -the metal- All wall 

) ' ■ \ ' 

space in the chamberj would be exposed to the circulated air and the gas would 
. escape rabidly through ciny opening which might exist in the chamber. Fumigation 
of mechanical equipment can be made more effective by placing a small 'blower on 
the floor and directing the outlet air toward the highest portion- of . the \ 



machine . 




_12^iv. 



A free air space ^hould be left over all commoditieiS. The amount of space 
will be determined by the size o^ the /chamber . The table below should biT^llowed 



Amquilt lof ^Beadspace, 



Size of Chamber 

: : . \. 

up to 2,000 cu, ft, 

A " ' \ 

2,000 to 8/000 cu. I^, 
\ 8,000 and .above 

^ In discussing the Idadin^^ chamber , the ternj^ "^erloading" and "under- 
loading" are used to express bulk of commodities emd notSyeight., Air circulation- 

round and through commodities being fumigated i^^ery essential. Space must ' 
exi>st above the top of the load in order that air and gas may be properly mixed 
and cxixjulated as the fumigant is being introduced. If ^ir space in that area 

limited., <^as concentfajt ions will become excessively high during the intro- 
ductory periTods. Muph of it may be absorbed by commodities in the upper portions 
\. 6f the load before"s^d^quate air movement can distributee it throughout the . 
chamber.. Space must be provided beneath the load in order that air circulation 
blowers may recover air as !rapidly^~^Ts-^t is discharged. Overloading of chambers 
restricts and 'retards gas c^tribution ahd results in uneven concentrations (T£\ 
gas, incomplete kill of insects , 'and increa^d injury to susceptible commodities, 

' • . y ■ . ' 

V stratification of gas^will not occur duringS^imigatJ^ji ±f (i) it is 

propdriy^ introduced over the^oad, (2) proJ)er type f^s ara used, aAd (3) 
provisions are m^de 'for the air and gas^o circulat^^ throughout the load,. 



Thfe nature of commodities sfioujd be 'taken into consideration in arrcinging 
locfis for fumigation. Dry, porous continodities such as hay, staw, corncobs, 
or similar products should be loaded in such a manner that a few inches of ^ 
, spape are provided between the load and the side walls of the chamber:' Also, 
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they should be loac|ed whenever posjsible to provide space between tiers of ^ 
bags, bales, etc. Productis . that do not 'absorb gas rapidly and- that aPlow* 
sufficient space between individual items to permit air to move downward 
^freely may be ^placed directly .against the walls of the chamber^ . ' 

^ A certain amount of the fumigant is absorbed by practically all treated ' 
commodities, if chambers are overloaded with dry/ sorptive commodities / the 
concentration ^of gas when first applied will become very high ^in limited 
air space. Highly sorptive commodities will consume gas rapidly. 

P'umigation chambers that are only partially loaded present problems which, 
in some respects may be more hazardous than those in overloaded or^es. • In the 
fi^st the gja: circulatory systems designed' to move air in loaded 

chambers cannot fun|:tion properly\^ empty or partially ^aded ones. In loaded 
chambers, the air is forced outward above the top of^the load and must be . 
recovered by blowers after it has passed around and through the load. If th^ 
bulk of the load, is insufficient, to cause the air to .travel in that manner, it' 
will follow the course of least resistance. Properly installed air circulation 
units should direc^ discharged air along the ceiling and against the opposite 
end. of the enclosure. Intake Vir should be recovered from beneath false floors 
If. the load is insufficient to partially resttict air movement b^ween .dis- 
charged air and recovery air, the cours^ of circulation will become triangular 
shape. Th4t is, it will follow a straight line from the blower to thjL opposite 
end of the chamber and return directly to the bottom of the chamber beneath the 
blow^. In .s"ach instances,' partial loads will receive an unnecessary am^punt of 
gas m the limited areas through which. the air passes and not enough gas else- 
where in the chamber . 

■ .r . . ■ ■ ' . ^ ... s - 

The distribution of gas in underloaded chambers can be controlled by 
arranging loads according to /the nature of the commc3dities involved. Properly, 
placed loads can be. made to provide effective insect kill and even; out the j 
amount of gas ^bsorbed by the individual items that compose the load* If the 
commodities are closely packaged or, packed in square containers, they may 



1. o , L.iicy may 



. be arranged to cover the entire surface of the false floor in such a, manner 

that the movement of air through (them is restricted. Sufficient air restriction 

will cause the blower to draw intake air through all pprtions of the load. "^If 

the load is. composed of commodities or containers that offer little' resistance 

to air movement, it should be concentif*at^. in the portion of the enclosure 

nearest to the^'air cir(Stllation .unit. The ^ unoccupied portion of the false floor 

•«»» ' . • . 

should be 'covered with p^per, plastic sheeting, or other air-resistant matelrial'. 

In such an arrangement, all blower intake air must pass through .the load aind 

all of the commodities will be exposed to the gas. . • 

Regulatory fumigation schedules were' d^es'igned for use in fully loaded 
chcunbers. Residue tolerances set by. this Environmental Ijrotection Agency ' are 
governed to some extent tiy the amount of residue that accumulates in food or 
feed products when fun\iigated w'ith minimum dosages required to kill *^arjous regu- 
lated insects. When normal dosages of fumigants are used>to treat partial loads, 
''residues in the commodities will ±ncrease"*an<^ perishable commodities will 
become more subject to injuri^."" For these reasons, appropriate size chambers 
should be used whenever possible or empty crates or other objects should be 
added to simula'te normal loads. \ . - 

■ Jacts About Air Movement ■ . ^ 

Most fumigants in use prior to the development of methyl brgmide and ^ other 

modern fumigants were, applied without air circul4tion. It w^s not necessary ' 

when sulphur dioxide smoke was used- aS" the heat generated by burning sulphur 

.'•"*'■ ^ ' 

caused sufficient air movement to distribute the gas among the products under . 

. " *»■ ' . " . ' . ^ * 

treatment. - ^ t. \ 

The modern fumigants used to treat commodities definitely require air 
circulation. In order to prevent possible injury to commodities and to comply 
with tolerances fixed by ^PA, only the minimum dosage necessary shquld be used. 
The weight of thfe gases' and^their penetrating abilities make it imperative that 
they be mixe'^^ith tile 'air ; and circulated in'sucK a manner that the gas will 
come in contact quickly with all of the coiranodities in the load. Without 
adequate air circulatipn> exp6sed commodities, would trap and l:\old excessive 
quantijzies of the gas^and there simply would, not be enough to go arbvind'". 



^ Various types pf air .rnovement equipment may be used to circulate air and 
gas in fumigation chambers. Satisfactory air circulation does not depend- 
entirely on what- is used to circulate 'the air but more on* how it is used/ ^ . 
Forj example y 12 or 14-irich blad^ of f ice-type electric fams may be used 
satisfactorily under some circumstances. Such fans are adequate to prevent 
gas' stratif icatibn when' fumigating such items .als farm.' machinery , They may bef 
. usedy also/ in small chambei^'s loaded with loosely packed commodities, provided , 
' th^ wall of the chamber opposite* the fan i^ close enough ^or air' to strike it 
with sufficient force to cause 'a rebound. - SmalJ blade-type fans are not 
satisfactory, if chambers ar^ Ip.^ed .wo^th tightly packed commodities or 'if %he 

• ■ f ■ [ ■ V ■ " . 

phanifier is so large that jthe air loses' its velocity before it reaches the 

' . . ■ • " >^ ■ ■ \ . 

opposite wall. It 'should be bqrne in., mind that fans were designed to stir up 

' • • ' ' . ■ - ^.^yi* 

air; blowers were designed to move it from one' place to another- Unless" small 

blade-type fans are housed and prgg/ided- with air-ihtake ducts, they recover only 

the air t;hat surrounds them^. Such movement of fumigants will result in over- 

, : " * - * ■ ' ' ^ . , ^ ^' . i . ■ : 

'dosages in the area affected by. the'S^fan and underdosages elsewh^ere in the 

chamber. ' • ■ ^- -a ^ ^ , ^ . 

- when fxamigating soil in bins- or in tKe 5ie4.d, air. movement must be retarded 

for effective fumigatiOTi. "This can be done ih several' ways. - After the fumigant 
\' ^> .■ ■ > 

. is injected into th^ soil the surface , can "be packed to prevent aeration.'- A; 

jf . ' ■ • ' • • ■ ^ y'^'^ 

^morVe:^fective seal can. be made by soaking- the soil surface with water.' Another 

effi^irient method of sealing th^ soil sua?face is to cover it with polyethylene 

film. The soil type and condition/and the. fumigant used Will deteifmine the ' 

bep4: method of sealing the sur|ace. 



. Factfe\ About Air Circulat'ion Equipment "-' 



lirrel cage flowers with electric jnotors or gasoline engfines a?:e superior 

-^o. fii^de-type fans\ foqr circulating air in 'frumigation chambers. There' are' 

,vari6us types -and sfctzes.of blowers.; In;generar, '|:he principle upon which; they 
L-.^ . • ■ ' . * ' ^> ' 

opera^Q is much the same. A series of parallel/ concave vanes are used 'to ^ " 
f . f /• ^ " . ■ • ' .• •• ' < , 

propel air.^ They are enclosed in such* a manner that* the air^ they pick up can 

onl;^ Jbe;^ expelled tlryrough^ an opening^ provided for - thd purpose* Incjpming ,air , 
is'^channeled through a fixed opening. '<;Air passing thrbiigh the blower is 
paa?tiairy compressed and expelled w^th, considerable force. The air that 



supplies the blower is drawn in rapidly. Blowers must be mounted so that the 
air. is discharged above the top of the load. A duct .should l^e attached to the 
blower in such a manner^that intake air must originate from beneath the loads 
It is possible to visualize the manner in which blowers move air in and around 
commodities by' realizing that the discharged air overfills the air space ab<t)ve 
the load and is forced tp go downward, wherever pos^^ible, through the load. \ ' 
Th^ resultant push-^nd-pull effect causes air to move constantly through ev^n 
closely packed commodities. ' / 

In selecting bloweVs for fumigation c^iambers, it is important to consider 
^ first the fumigant to be used. When uktrig^wathyl bromide, blowers with a rated 
•cubic foot per minute output sufficient Isf^ recirculalfe the number of cubic feet 
of air in the chaipber about every four or five minutes may be used. If 
ethylene dibromi^e is to be i^ised, mpre powerful blowers will be necessary ^* 
because the air in the chamber must be recirculated at least every two minutes; 
Blowers should be mounted near the ceiling on the back walls of the chamber 
whene/er posfsible, although they may be mounted outside with air intake, and 
' outlet .ducts entering the chamber near the floor and the ceiling.' If blowersy 
are mounted outside, it is extremely necessary that the duct work be p^rfecyiy^ 
tight; if^not, outside air will be, drawn in before it reaches the blov^r, or- 
air will be blpwn but between the" blower^ and the\chambe^. 

Sometimes'ah F.M.C. system; /whi^ch has a blower^mount^ed beneath the^false 
^flppr near thje center of the room,, is used.^ hhc '^s discharged through, an 
upright air tube against the tip of an ^inve^ed cone or deflector which is - ^ 
mounted on the^ ceiling. The air* spreards in all directions and is recpvered 
from the pit^ provided between solid floor and the false floor-., his un^t 
is highly sa;tisf actorV inasmuch as>dt -not only^ circulates the air properly 
but also eliminat:es -possible chamber leakage. . \ . 

•If tall graiu'elevators -require fumigation, a circulation system shduld" be. 
■installed. GeneraUy, a closed system is required unl^ the entire structure' 
is fumigated at one time. These systems must be designed^^ they will be 
adequate for the' size of storage and the- commodity stored (e^cample: for 
wheat, .025 cubic feet of air per minute per bushel should be circulated). 
Circulation systems for large elevators should be designed. for each establishment 
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Aerating- Fiamigation Chambers ' . ' 

Free gas should be released and commodities aerated immediately following 
fumigation. It is -important to consider and protect human health at all. times. 
When a fumigation chamber is inside a* packing hquse or afiy other enclosure 
^ xwhere workmen are likely to be present, intake and exhaust stacks should be 
-^provided. . The exhaust stack must lead outside the building. The intake and 
exhaust stacks .should be opened after the fumigation exposure is completed. 
The normal air circulation equipit^nt in a chamber can be made to c&nduct air 
from the chamber to' the ou^tside. When a chamber is outside a building, it may 
be aerated safely by ojpening the door slightly at the beginning of the aeration 
period and turning the flower on. The door should be held in the partially 
open position so- it cannot accidentarily close. Air discharged from the blower 
should be vented- to the^ outside of the chamber. If the door.. should accidentally 
close, t>ie partial vacuum created by the blower may damage the chamber. No one " 
should remain near the door or the exhaust when the blower is turned on. . The 
doors may be fully opened after about 1^ minutes, biit workmen should not enter^o 
the chamber ^*wnt 11 it has been 'aerated for at least 30 minutes and checked with ^ 
a hallde detector, 

V ■ ■ ' 

When aerating loads under ,tarps, in- buildings, or on still humid days, an : v ^ 
opening should be made by lifting the tarp on the end opposite the blower and 
discharging the fumigant with the. blower through an opening near the blowex: 
If they are aerated in the open and a breeze is blowing, the en5^^&»*^ide of the 
tarp opposite the drrec1:ion of wind movement should be lifted first', then the 
portion of th,e tarp on the windward side may be opened safely. If the first 
opening is made oil. thq windward side, concentrated gas will be forced backward 
and may endanger opera^:ors- pccupants, other than fumigation operators, should 
vacate buildings before tarps are aerated. 
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SELF-HELP QUESTIONS 
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Now that you have studied this section, answer these questions, ^rite 
the answers with , a pencil without referring back to the ^xt. When you are 
satisfied with your answers, see -i^f you are correct by checking them in the 
text. Erase your answer and write in' the coij^ect answer if your first 
-i. answer is wrong* 



1. How is the volume of a structure with a peaked roof computed for a fumigation 
operation?"- ' . 

0 • . ■ ■ ■ 



2. How much time should elapse between aerating a fumigated structure and entry 
of personnel dnto the structure? 

3. Why-^should headspace be left 'abo\^ the commoditv being fumigated in a 
chamber? 




4. What are some of the difficulties in firoperly fumigating underloaded chambers?. 

5. Why should fumigation chambers be equipped with means of circulating air? 



6, How can air movement be retarded in soil that is being fumigated? > . 

' ^- ■ ■ ^ <y ■ ' 

■ ■ - . ' ^ . 

7. Where should- an air blower discharge its air within a fumigation chamber? 



8. How does the FMC blower system vrork? 



9.^ "How should a fumigation chamber be aerated if it is located inside 
building? 
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